3TS-F442A adipocytes incubated in the presence of growth hormone (GH) showed a transient stimulation of the incorporation of [14C]glucose into cellular lipids, or production of 14C02 in the first 4 hr.
At present, little is known about cellular mechanisms by which GH exerts any of its effects. This is in part due to the lack of a simple and reliable in vitro system for analysis of such mechanisms, particularly with respect to the long-term effects of GH which are of physiological and clinical significance (e.g. insulin antagonism, diabetogenicity).
The present study describes for the first time effects of human pituitary GH on glucose oxidation and incorporation of glucose into lipid in 3T3-F442A
adipocytes.
This cell line, of embryonic mouse origin, accumulates lipid after the preadipocytes reach confluence, and differentiate to cells with characteristics of adipocytes (i0,Ii). Differentiation of the preadlpocytes has been shown to he dependent on GH (12, 13) , although GH is not required to maintain the cells in the differentiated state. We have used the converted 3T3 adipocytes to demonstrate first, the characteristic transient stimulation of glucose utilization (9) . Second, we demonstrate that GH suppresses glucose utilization in a highly reproducible fashion in 24-48 hr. This suppression, which is relevant to the diabetogenic action of GH, lasts for 7 days. Thus, the cultured 3T3 adipocytes provide a useful system for examination of cellular aspects of GH action, and for evaluating biological activity of GH in clinical and physiological contexts. Cells were plated at a density of 200/cm 2 in i00 mm Coming dishes and grown to confluence in DMEM containing 4.5 g/L glucose and 10% calf serum at 37°C in an atmosphere of 10% C02-90% air.
MATERIALS AND METHODS
Conversion to adipocytes was initiated by incubation in DMEM containing final concentrations of dexamethasone (0.25 uM), methylisobutylxanthine (0.5 mM), insulin (2 ug/ml), and 10% fetal calf serum.
After 48 h, cells were maintained in DMEM containing 8 or 10% fetal calf serum and were used 5-8 days later. Conversion was evaluated by phase contrast microscopy and was estimated at 70-85%. The medium was replaced with DMEM (i g/L glucose) containing 1% BSA, 22-24 hr prior to experiments Lipld Accumulation.
Monolayers of converted cells were incubated in DMEM containing I gTL glucose, 1% BSA, [14C]glucose (0.i uCi/ml), and hormones, for varying periods of time at 37°C.
Incorporation of [14C]glucose was stopped by aspirating the medium and immediately replacing it with 5 ml Dole's reagent (40 parts isopropyl alcohol, i0 parts heptane, 1 part i N H2S04). Cells were scraped off the dishes, and llpids were extracted by the method of Dole and Meinertz (14) . The liplds were weighed, and incorporated radioactivity was counted by liquid scintillation spectrometry.
Data are expressed as dpm/mg lipid. Glucose oxidation and incorporation into li~id.
Suspensions of converted adipocytes were prepared using Joklik's medium in the presence of EDTA, as described by Deutsch and Rosen (15) .
They were resuspended to a final concentration of 2.5 x 105 cells/ml in Krebs Ringer bicarbonate buffer containing i mM glucose, 1% BSA, [14C]glucose (0.i uCi/ml), and hormones as indicated, and were incubated at 37°C for i or 4 hr, as indicated, under an atmosphere of 95% 02-5% CO 2.
Each condition was tested in quadruplicate. Evolved 14C02 was collected and the amount of radioactivity incorporated into cellular llpids was determined, as described previously (16) .
Data are expressed as dpm/mg lipid x hr.
Statistical comparisons were by Student's t-test. Table 1 illustrates that continuous exposure to GH produces both an early stlmulatory and subsequent inhibitory effect on the incorporation of glucose into lipid in converted 3T3 adlpocytes.
RESULTS
In this experiment, a significant stimulation of lipid synthesis by GH was evident at 1 and 4 hr, but had subsided by 22 hr, despite the continued presence of GH. This is consistent The time course of the effect of GH on the rate of glucose metabolism was evaluated over a 24 hr period. In the experiment shown in Table 2 (not shown), the rate of glucose metabolism tested after 48 hr also remained Human GH was present at 0.5 ug/ml, insulin at 100 uU/ml, for the total period indicated.
The [14C]glucose was also present, and glucose oxidation and incorporation into lipid were measured, during the first hr for the 1 hr interval, during the first 4 hr for the 4 hr incubation period.
For the 24 hr incubation, monolayers of cells were exposed to the indicated hormones for 20 hr, then were suspended and incubated with the same hormones and [14C]glucose, and glucose utilization was measured for the final 4 hr. Data are normalized as dpm/mg lipid x hr for comparative purposes, a p<0.001 vs control, b p<0.02 vs control. 
